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VWDWLRQ LQ RSHUDWLRQ FDVFDGHG RSWLPDO RSHUDWLRQ PRGHO KDV EHHQ HVWDEOLVKHG ZLWK WKH REMHFWLYH IXQFWLRQ RI
PD[LPL]LQJPLQLPXPSRZHUDQGPD[LPL]LQJWKHJHQHUDWHGHQHUJ\FDSDFLW\UHVSHFWLYHO\WLPHVSRZHUSUREDELOLW\
LV VHOHFWHGDV V\VWHPSRZHUFRQVWUDLQW7KHK\GURSRZHUEHQHILWV LQ6L3LQJK\GURSRZHU VWDWLRQ LVFDOFXODWHGEHIRUH
DQG DIWHU 6DQ/L3LQJ LQ RSHUDWLRQ 7KH UHVXOW VKRZV WKDW DIWHU 6DQ/L3LQJ LQ RSHUDWLRQ WKH K\GURSRZHU EHQHILWV LQ








6DQ/L3LQJ DQG 6L3LQJ K\GURSRZHU VWDWLRQV IRUPV WZR OHYHOV VHULHV RI FDVFDGH UHVHUYRLUV LQ
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PLGGOH RI 1DQ+H WKH ILUVWOHYHO EUDQFK RI +DQ-LDQJ PLGGOH UHDFKHV ULJKW EDQN WKH 6DQ/L3LQJ
K\GURSRZHUVWDWLRQGDPVLWHFRQWUROVGUDLQDJHDUHDRINPDQGKDVDPHDQDQQXDOUXQRIIRI
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
6L3LQJK\GURSRZHUVWDWLRQGDPVLWHFRQWUROVGUDLQDJHDUHDRINPDQGKDVDPHDQDQQXDO
UXQRIIPLOOLRQP ORFDWHG LQ)HQ4LQJKHXSVWUHDPRI1D+H WKH WULEXWDU\RIKDQMLDQJPLGGOH
UHDFKHV ULJKWEDQN7KLVSURMHFW LVPDLQO\DERXWK\GURSRZHUDQGZLWK WKH IORRGFRQWURO LUULJDWLRQ
DTXDFXOWXUHFRPSUHKHQVLYHXWLOL]DWLRQVXFKDVVKLSSLQJEHQHILW:LWKDWRWDOFDSDFLW\RIPLOOLRQ





PD[LPL]LQJ WKH JHQHUDWHG HQHUJ\ FDSDFLW\ DQDO\]HV WKH FRQVWUDLQW RI PLQLPXP SRZHU ZKHQ XVHV WKH
PD[LPL]LQJ WKH JHQHUDWHG HQHUJ\ FDSDFLW\PRGHO JLYHQ WKH FRUUHVSRQGLQJ FRQVWUDLQW YDOXH FDOFXODWHV
JHQHUDWLRQ EHQHILWV RI 6DQ/L3LQJ DQG6L3LQJ K\GURSRZHU VWDWLRQ UHVSHFWLYHO\ DVZHOO DV LQIOXHQFH RQ
JHQHUDWLRQEHQHILWVWR6L3LQJK\GURSRZHUVWDWLRQDIWHUSURGXFWLRQRI6DQ/L3LQJ7KHUHVHDUFKVKRZVWKDW
6L3LQJK\GURSRZHU VWDWLRQ LVJUHDWO\DIIHFWHGE\6DQ/L3LQJK\GURSRZHUVWDWLRQ LQRSHUDWLRQ ,WFDQQRW
RQO\ PDNH IXOO XVH RI 1DQ+H K\GURSRZHU UHVRXUFHV EXW DOVR HQKDQFH JHQHUDWLRQ FDSDFLW\ WKURXJK




7R PHHW WKH FRQVWUDLQWV SUHPLVH DQG HQVXUH WKH JHQHUDWHG HQHUJ\ FDSDFLW\ RU ORDG ZKLFK
UHTXLUHG E\ SRZHU V\VWHP DW HDFK SHULRG DQG UHGXFH WKH GLVFDUG ZDWHU DV IDU DV SRVVLEOH WKH
REMHFWLYH IXQFWLRQ LV HVWDEOLVKHGDV IROORZVZKLOHPD[LPL]LQJ WKHPLQLPXPRXWSXWRI UHVHUYRLU DV
WKHRSWLPDOFULWHULDRIUHVHDUFKDSSOLFDWLRQ>@




 ൌ െͳ ൅ ሺǡ െ  ǡ െ  ǡ െ  ǡሻ 
y 6XSSO\DQGGHPDQGEDODQFHFRQVWUDLQW
 ǡ ൌ  ǡ ൅  ǡ

y :DWHUVXSSO\FRQVWUDLQWV
 ǡ ൑  ǡ 
y :DWHUOHYHOFRQVWUDLQWV
 ǡ ൑  ൑  ǡ 
y 3RZHUFRQVWUDLQW
 ǡ ൑  ൑  ǡ 
y 3RZHUIORZFRQVWUDLQWV
ǡ ൑  ǡ 
y 6KLSSLQJIORZFRQVWUDLQWV
 ǡ ൒  ǡ  
y (FRORJLFDOZDWHUUHTXLUHPHQWPLQLPXPIORZFRQVWUDLQW
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 ǡ ൒  ǡ 
:KHUH െͳ    DUH UHVHUYRLU FDSDFLW\ RI WKH EHJLQQLQJ DQG WKH HQG DW W WLPH
ǡ ǡǡ  DQGǡDUH LQIORZ WKH UHTXLUHPHQW RI ZDWHU GHPDQG SRZHU IORZ DQG WKH
DEDQGRQIORZDWWWLPH ߂ݐ LVWLPHGXUDWLRQRIW ǡ  ǡ  ǡ DUHWKHVXSSO\UHTXLUHDQGODFN
RI ZDWHU XQLW DW W WLPH ǡ ǡ  ǡ DUH IORRG OLPLW ZDWHU OHYHO DQG QRUPDO KLJK ZDWHU OHYHO RI
UHVHUYRLU DW W WLPH
 ǡ ǡ DUH WKHPLQLPXP OLPLW DQGPD[LPXP RXWSXW SRZHU DW W WLPH
 ǡ  LVWKHXSVWUHDPDYHUDJHOHYHODWWDQGWWLPH ǡ LVWKHWDLOZDWHUOHYHODWWWLPH ǡ 
LVWKHPD[LPXPPDFKLQHIORZDWWWLPH
0RGHO0D[LPXP*HQHUDWHG(QHUJ\&DSDFLW\0RGHO
7R HQVXUH WKH JHQHUDWHG HQHUJ\ FDSDFLW\ RU ORDG ZKLFK UHTXLUHG E\ SRZHU V\VWHP DW HDFK















RSHUDWLRQ SHULRG WKH REMHFWLYH IXQFWLRQ LV HVWDEOLVKHG DV PD[LPL]LQJ WKH PLQLPXP SRZHU DQG
PD[LPL]LQJ JHQHUDWHG HQHUJ\ FDSDFLW\ UHVSHFWLYHO\ LQ WKH PRGHO RI PD[LPL]LQJ JHQHUDWHG HQHUJ\








































VKRZV WKDW WKH REMHFWLYH RI PD[LPL]LQJ WKH PLQLPXP SRZHU KDV UHGXFHG VWRUHG HQHUJ\ RI FDVFDGHG





WHQGD\ SRZHU SURJUHVV LV YDULDEOH DSSDUHQWO\ ZKHQ JHQHUDWHG HQHUJ\ FDSDFLW\ LV PD[LPL]LQJ XQGHU
V\VWHP SRZHU FRQVWUDLQW RI ]HUR 7KHUHIRUH VKRXOG FRQVLGHU WR XVH D FHUWDLQ V\VWHP PLQLPXP SRZHU
FRQVWUDLQW 2Q WKH EDVLV RI FRQVLGHULQJ WKH DERYH FDOFXODWHG UHVXOWV FRPSUHKHQVLYHO\  WLPHV SRZHU





)LJ VKRZV WKDWZLWK WKH LQFUHDVHGPLQLPXPSRZHU FRQVWUDLQW LQ -DQXDU\ WR0DUFK DQG0D\ WR
6HSWHPEHU WKH VWRUHG HQHUJ\ LV REYLRXVO\ WUHQG WR GHFUHDVH DPRQJ WKDW XQGHU WKH V\VWHP SRZHU
FRQVWUDLQW RI  WLPHV SRZHU SUREDELOLW\ VWRUHG HQHUJ\ UHGXFWLRQZDV WKH ELJJHVW ,Q$SULO DQG0D\
RYHUDOOVWRUHGHQHUJ\GHFUHDVHG:KHQWKHPLQLPXPSRZHUFRQVWUDLQWLVORZHUWKHVWRUHGHQHUJ\LVPXFK
ORZHU WKH V\VWHPSRZHU FRQVWUDLQW LV  WLPHV SRZHU SUREDELOLW\ WKH VWRUHG HQHUJ\ LV ORZHU EXW QRW
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%HIRUH 6DQ/L3LQJ LQ RSHUDWLRQ RQO\ 6L3LQJ K\GURSRZHU VWDWLRQ LV UXQQLQJ LQ 1DQKH DYHUDJH DQQXDO
JHQHUDWHGHQHUJ\FDSDFLW\RI6L3LQJK\GURSRZHUVWDWLRQLVELOOLRQNZK
&DVFDGHG2SWLPDO5HVXOW
6DQ/L3LQJ DQG 6L3LQJ K\GURSRZHU VWDWLRQV IRUPV WZR OHYHOV VHULHV RI FDVFDGH UHVHUYRLUV LQ
1DQ+H WULEXWDU\ 7KH UHVHDUFK XVHV REVHUYHG ORQJVHULHV K\GURORJLFDO UXQRII GDWD IURP0D\  WR













y 7KH RSHUDWLRQ RI 6DQ/L3LQJ K\GURSRZHU VWDWLRQ LV RI JRRG EHQHILW IRU 6L3LQJ K\GURSRZHU





SOD\V D UROH RI FDVFDGH FRPSHQVDWLRQ DV D OHDGHU RI K\GURSRZHU VWDWLRQ ORVLQJ LWV JHQHUDWHG
HQHUJ\ FDSDFLW\ RI  WR EULQJ  ELOOLRQ .:K RI 6L3LQJ ZKLFK HQKDQFHG
FRPSUHKHQVLYHSRZHUEHQHILWRIWKHFDVFDGHK\GURSRZHUVWDWLRQV
y $IWHUWKHRSHUDWLRQRI6DQ/L3LQJK\GURSRZHUVWDWLRQWKHORQJVHULHVWUHQGRIJHQHUDWHGHQHUJ\



































































y %HIRUH WKH RSHUDWLRQ RI 6DQ/L3LQJ K\GURSRZHU VWDWLRQ WKH ORQJ VHULHV WUHQG RI JHQHUDWHG
HQHUJ\RI6L3LQJK\GURSRZHUVWDWLRQLVVOLJKWO\LQIOXHQFHE\LQIORZ,QDQGLWGURSV
WR GHDG ZDWHU OHYHO ZKLOH LQ  DIWHU RSWLPL]LQJ UHVHUYRLU LW VWLOO FRXOG QRW UHDFK IXOO
DGMXVWPHQW ZKLFK OHDGV WR WKH ORZ ZDWHU KHDG DQG XQDEOH WR UHDOL]H LQ WKH RSWLPDO $IWHU
RSHUDWLRQ6DQ/L3LQJK\GURSRZHUVWDWLRQKDVXQGHUWDNHQWKHUHVSRQVLELOLW\RIUHJXODWLQJZKLFK
RSWLPDO UHJXODWLQJ WKH ZDWHU OHYHO EHWZHHQ GHDG DQG QRUPDO VWRUDJH OHYHO $V WKH LQIORZ RI
6L3LQJ LV WKHRXWIORZRI6DQ/L3LQJK\GURSRZHUVWDWLRQ WKHUHIRUHRSWLPDO UHJXODWLRQ OHYHORI
6L3LQJ K\GURSRZHU VWDWLRQ DUH ERWK DOLNH LQ HDFK \HDU WR UDLVH ZDWHU KHDG WR LQFUHDVH WKH
FDSDFLW\RIJHQHUDWHGHQHUJ\
,Q FRQFOXVLRQ 6L3LQJ K\GURSRZHU VWDWLRQ LV JUHDWO\ DIIHFWHG E\ 6DQ/L3LQJ K\GURSRZHU VWDWLRQ LQ





WHUPRSHUDWLRQPRGHOZLWK WKHREMHFWLYH IXQFWLRQRIPD[LPL]LQJPLQLPXPSRZHUDQGPD[LPL]LQJ WKH
JHQHUDWHG HQHUJ\ FDSDFLW\ DQDO\]HV WKH FRQVWUDLQW RI PLQLPXP SRZHU ZKHQ XVHV WKH PD[LPL]LQJ WKH
JHQHUDWHGHQHUJ\FDSDFLW\PRGHOJLYHQWKHFRUUHVSRQGLQJFRQVWUDLQWYDOXHFDOFXODWHVJHQHUDWLRQEHQHILWV
RI6DQ/L3LQJDQG6L3LQJK\GURSRZHUVWDWLRQUHVSHFWLYHO\DVZHOODVLQIOXHQFHRQJHQHUDWLRQEHQHILWVWR
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